Background: Intracerebellar haemorrhage constitutes around 10% of all spontaneous, non-aneurysmal intracerebral haemorrhages (ICHs) and often carries a grim prognosis. In symptomatic patients, surgical evacuation is usually regarded the standard treatment. Our objective was to compare the in-hospital mortality and functional outcome at hospital discharge in either medically or surgically treated patients, and the impact of either treatment on long-term mortality after a cerebellar ICH. Methods: An observational, retrospective, single-centre consecutive series of 114 patients with cerebellar ICH. We assessed the effect of different demographic factors on functional outcome and in-hospital mortality using logistic regression. We also divided the patients in medical and surgical treatment groups based on how they had been treated and compared the clinical and radiological parameters, in-hospital, and long-term mortality in the different groups. Results: In our series, 38 patients (33.3%) underwent haematoma evacuation and 76 (66.7%) received medical treatment. Glasgow coma scale <8, blocked quadrigeminal cistern, and severe hydrocephalus were associated with in-hospital death or poor functional outcome at discharge (modified Rankin scale 4-6). Surgically treated patients were younger, had larger haematomas both in volume and diameter, were in a worse clinical condition, and suffered more from hydrocephalus and brainstem compression. There were no statistically significant differences in in-hospital or long-term mortality. However, the surgically treated patients remained in a poor clinical condition.
INTRODUCTION
Intracerebral hemorrhage (ICH) in the cerebellum constitutes around 10% of all "spontaneous" nontraumatic, nonaneurysmal ICHs. [8] Since the 1970s, there has been a wide mutual consensus in the neurological and neurosurgical community that cerebellar ICHs should be operated on. However, the scientific proof is mainly based on small retrospective series with conflicting results. [28] Hemorrhage in the posterior fossa may cause brainstem compression and lead to impaired consciousness, respiratory failure, and lower cranial nerve dysfunction. Compression or obstruction of the fourth ventricle may cause acute hydrocephalus. [7] To relieve brainstem compression and hydrocephalus, surgeons tend to favor posterior fossa craniectomy or craniotomy with hematoma evacuation in patients with a declining level of consciousness. [27] Some regard this counterintuitive as long-term outcomes after surgical treatment of cerebellar ICH are generally pessimistic. [17] Our aim was to observe the short-term functional outcome and long-term mortality in medically and surgically treated patients in a consecutive single-centre series. We also searched for those demographic and radiological factors that led to poor functional outcome or death [modified Rankin Scale (mRS) [4] [5] [6] at hospital discharge.
MATERIALS AND METHODS
We performed a retrospective analysis of 1075 consecutive patients with spontaneous nonaneurysmal ICHs presenting at the neurological and neurosurgical emergency departments of our institute between January 2005 and March 2010. The patients were followed until June 2016. The catchment population is 1.8 million and the hospital has the only neurological and neurosurgical emergency rooms on a 24/7 basis in the province. Patients with ICHs originating from arteriovenous malformations (AVMs), dural fistulae, or tumors were excluded from the study. The imaging data was reviewed by a neuroradiologist, and the patients with an intracerebellar hemorrhage were identified. All data were collected retrospectively from charts, electronic patient records, and imaging archives. Mortality data was collected from the National Death Registry. Institutional authorities approved the study as a registry study with no patient contact or consent, and thus all consecutive cases could be included in the study.
Immediately on arrival, all patients underwent a computerized tomography (CT) and a CT angiography to exclude aneurysms, AVMs, dural fistulae, and tumors. Glasgow coma scale (GCS) was assessed on arrival. Based on how they had been treated, we divided the patients with a cerebellar ICH in a conservative and a surgical treatment group for analyses. As there are no decisive guidelines for the treatment of cerebellar ICH, indications for surgery were not guideline-or protocol-based but determined case-by-case on an individual basis, weighing the hematoma size, declining level of consciousness, age, and possible comorbidities. As a general rule, patients with a symptomatic cerebellar ICH and declining level of consciousness were operated on, unless the clinical situation deemed unsalvageable. Deeply unconscious patients with signs of midbrain or brainstem dysfunction (unreactive, bilaterally dilated or miotic pupils, or absent corneal and oculocephalic reflexes), very high age, or severe comorbidities were treated medically. Both patient groups were treated in a specialist neurosurgical intensive care unit (ICU) or neurological acute stroke unit, with two exceptions -patients with a small hematoma and excellent clinical condition were treated in the neurological or neurosurgical wards. Deeply unconscious patients with an extensive hemorrhage were also treated in neurological or neurosurgical wards after a decision to withhold treatment. Surgically treated patients underwent a suboccipital paramedian or midline craniotomy and the hematoma was evacuated in a standard microneurosurgical manner. One patient underwent a primary bilateral decompressive craniectomy of the posterior fossa and subsequent hematoma evacuation. All patients underwent a postoperative CT scan on the first postoperative day to confirm that brainstem compression and hydrocephalus had relieved. Reoperations were recorded.
If symptomatic hydrocephalus was present, patients received an external ventricular drain (EVD). Patients with EVD but no surgical evacuation of the haematoma were included in the conservative, i.e., medical treatment group. Level of consciousness was recorded on the GCS. The GCS verbal score for intubated patients was derived using the method by Meredith. [19] Unconscious patients were intubated and mechanically ventilated. Propofol was used for sedating the intubated patients, interrupted every 4 hours to check for the level of consciousness.
Conclusions: Surgical treatment of cerebellar ICH can be life-saving but often leads to a poor functional outcome. New studies are needed on long-term functional outcome after a cerebellar ICH.
Key Words: Cerebellum, intracerebral haemorrhage, long-term mortality, outcome Systolic blood pressure (BP) was kept between 120 and 160 mmHg, controlled with labetalol or clonidine, or noradrenalin in hypotensive patients. Electrolyte levels and blood gases were analyzed every 6 hours. In case of paralysis of the lower cranial nerves and dysphagia, patients received a percutaneous tracheostomy bedside at the ICU. Length of ICU and stroke unit treatment were recorded, as well as length of hospital stay until death or discharge to a rehabilitation unit or home.
On imaging studies, we assessed the maximal diameter, volume, location, and vascular territory of the hematoma. ICH volume was calculated using the ABC/2 method. [15] In addition, we classified hydrocephalus on a four-grade scale by Stein et al., [22] quadrigeminal cistern obliteration on a three-grade scale by Taneda et al., [24] and IV ventricle compression on a three-grade scale by Kirollos et al. [13] We used "tight posterior fossa" as a sign of brainstem compression classified as the effacement of the basal cisterns combined with obstructive hydrocephalus. [26] As primary outcomes, we compared the in-hospital mortality, the functional outcome of medically and surgically treated patients at hospital discharge, and the impact of the chosen treatment on long-term mortality. We used the modified Rankin scale (mRS) 4-5 to classify poor functional outcome. In addition, we compared the demographics and radiological factors in surgically and medically treated patients to look for group differences. As a secondary outcome, we also assessed the effect of different demographic and radiological factors on functional outcome and in-hospital mortality.
Statistical analyses were carried out on SPSS 24.0 (IBM Corp., Armonk, NY). The ordinal and continuous variables were tested for normality. We used the Kruskal-Wallis and Mann-Whitney U tests for skewed and one-way analysis of variance (ANOVA) for normally distributed data. Pearson's Chi-square test was used to compare categorical variables between the groups. Differences in long-term mortality between the groups were assessed with Kaplan-Meier analysis. To assess the effect of categorical variables on functional outcome at discharge, we used binomial logistic regression to calculate the odds ratios. We used the Firth penalized binomial logistic regression to discard separation in the standard maximum likelihood analyses. All deaths were included regardless of the cause. A two-sided P < 0.05 was considered significant.
RESULTS
There were 1075 consecutive patients with a spontaneous, nonaneurysmal ICH between January 2005 and March 2010 presenting at neurological and neurosurgical emergency rooms at our institute. Of these, 114 (10.9%, 47 females) presented with a cerebellar ICH. They were aged from 30 to 94 years with a mean age of 68.3 years. Thirty-eight patients (33.3%) were operated on and 76 (66.7%) were treated medically, i.e., conservatively. After the primary craniotomy and hematoma evacuation, two patients had to undergo a secondary decompression of the posterior fossa to relieve brainstem compression. Three patients underwent re-evacuation because of a clinically significant residual hematoma in the postoperative scans. The reoperation rate was 13.2%.
Clinical and radiological data
The surgically treated patients were significantly younger and suffered significantly less often from atrial fibrillation and hypertension. There were no other statistically significant differences in comorbidities or medications, and the premorbid functional status in mRS was similar between the treatment groups [ Table 1 ].
The surgically treated patients were in a significantly worse clinical condition on arrival. Their ICHs were larger both in volume and diameter. In addition, they had a greater rate of hydrocephalus, quadrigeminal cistern effacement, and fourth ventricle compression. We used the criteria for "tight posterior fossa" to indirectly assess brainstem compression, and the rate was greater in the surgically treated patients [ Table 2 ]. The hemorrhages in the medically treated group were more frequently located in the anterior cerebellar lobe, in the AICA territory, and extended to the brainstem more frequently than in the surgically treated patients (Online supplement).
Treatment
The surgically treated patients stayed longer in the intensive care and acute stroke units. Their total length of hospital stay was also longer. The rates of EVD and tracheostomy were also higher in the surgically treated patients [ Table 3 ]. The mean interval 
Mortality and factors leading to poor outcome
The in-hospital mortality of all patients with cerebellar ICH was 27.2% (31 patients). Long-term mortality was 49.1% with a mean survival of 5.5 years (95% CI: 4.5-6.6 years). In total, 76.3% (87 patients) either died in hospital or had a poor functional outcome (mRS: 4-6) at hospital discharge.
In further analyses, we found that all patients with arrival GCS <13 had a poor outcome (mRS: 4-6) and the in-hospital mortality in this group was 50% (P < 0.001). Twenty patients were aged over 80, and 18 (90%) were treated medically (P = 0.019). Only two of these 20 patients had a favorable outcome (10%), both treated medically (P = 1). Ten patients had hemorrhage extending into the brainstem, and 90% of these died in hospital [ Table 4 ].
In addition, we used univariate binomial logistic regression to assess the effect of individual variables on poor functional outcome or death (mRS: 4-6) at hospital discharge. Poor outcome was most strongly associated with (1) GCS <8, (2) blocked quadrigeminal cistern, and (3) severe hydrocephalus [ Table 4 and Supplementary Tables 1 and 2 ].
We included the same variables in a multivariable logistic regression model and found that only two variables had a statistically significant effect on poor functional outcome or death (mRS: 4-6) at hospital discharge: (1) GCS <8 and (2) age group 65-79 years were associated with poor outcome [ Table 5 ].
Short-and long-term outcomes after surgical or conservative treatment
The in-hospital mortality was 31.6% (24 patients) in the medically and 18.4% (7 patients) in the surgically treated patients, however, the difference was not statistically significant (P = 0.137). Long-term mortality was 50% in the medically and 47.4% in the surgically treated patients (P = 0.791). The mean follow-up length was 27.3 months (95% CI: 20.7-33.8 months) in the medically and 45.7 months (95% CI: 31.9-59.6 months) in the surgically treated patients. The difference was statistically significant (P = 0.005). In Kaplan-Meier analysis, we did not find a statistically significant difference in the long-term mortality between the treatment groups (P = 0.184) [ Figure 1 ].
However, the clinical outcome of the surviving patients at hospital discharge was significantly worse in the surgically . The difference was statistically significant (P < 0.001). The incidence of lower cranial nerve palsy and tracheostomy in the surviving patients was 63.2% in the surgically and 2.6% in the medically treated group (P < 0.001). In addition, 69.3% (53 patients) of the conservatively and 89.5% (34 patients) of the surgically treated patients died in the hospital or had a poor functional outcome (mRS: 4-6) (P = 0.019).
DISCUSSION
In this observational study of 114 consecutive cerebellar ICH patients, we compared the outcome of medically and surgically treated patients. Not surprisingly, the groups had significant differences. The surgically treated patients were younger, had larger hemorrhages both in volume and diameter, were in a worse clinical condition, and suffered more from hydrocephalus and brainstem compression. Majority of the surgically treated patients were first observed before proceeding to surgery, the mean interval between hospital admission and surgery being 22.7 hours. In addition, older patients with numerous comorbidities were more frequently treated medically.
Low admission GCS, increasing age, and severe hydrocephalus were associated with in-hospital mortality or poor functional outcome. Due to the generally accepted tendency for surgical treatment in symptomatic patients with a declining level of consciousness, there was a strong selection bias towards patients with larger ICHs and more severe symptoms in the surgical group.
There were no statistically significant differences in neither in-hospital nor long-term mortality, although we saw a nonsignificant trend towards better survival in the surgical treatment group. However, the operated patients more often remained in a poor clinical condition. Sixty percent of the surviving surgically treated patients needed a tracheostomy because of lower cranial nerve palsy. Unfortunately, we do not have data on the duration of tracheostomy treatment.
Cerebellar ICH is usually considered an especially deadly stroke subtype because of frequent brainstem compression and high risk of obstructive hydrocephalus. Before CT became widely available, cerebellar ICH was a silent killer -patients deteriorated rapidly and the diagnosis was often made postmortem. [7] In 1978, Little et al. showed in a case series of 10 patients that patients with cerebellar ICHs over 3 cm in diameter benefited from surgical evacuation, whereas smaller could be treated medically. [16] Since then, surgical hematoma evacuation or posterior fossa decompression has been the standard treatment in cerebellar ICH. Even today, due to the low incidence, literature on cerebellar ICH is still based on small, retrospective single-centre cohorts. [28] The current recommendations for operative treatment vary in the literature. Numerous different criteria have been suggested for surgical evacuation or decompression: hematoma diameter >3 cm, [16] patients with brainstem compression, [5, 26] patients with GCS 4-13 and hematoma diameter >40 mm, [14] patients with a deteriorating level of consciousness and hematoma volume >10 cm 3 , [9] and even operating all patients with a cerebellar ICH has been suggested. [2] Some authors do not recommend surgical treatment at all because of poor long-term results. [4] It has been shown that clinicians usually tend to wait until clinical deterioration, and then proceed to operative treatment, especially in patients under 70 years old. [27] The current treatment guidelines have contrasting recommendations regarding treatment of cerebellar ICH. European Stroke Organisation (ESO) treatment guidelines did not find strong evidence on when, how, or to whom surgical evacuation or decompression should be performed. [23] American Heart Association (AHA) guidelines recommend evacuation of cerebellar ICH in patients declining neurologically or suffering from brainstem compression and/or acute hydrocephalus. [10] Published results on long-term outcome after cerebellar ICH are rare. In Uppsala, Sweden, 62% of the patients had either died or had an unfavorable functional outcome in long-term (70 months) follow-up. [25] Dolderer et al. suggested that surgical treatment was an independent predictor for poor functional outcome in long-term (49 months) follow-up and we made the same observation. [4] In their series, only 14% of the surgically treated patients had a favorable outcome. Pong showed that 56.7% of surviving patients had an unfavorable outcome (modified Rankin scale >2) at 6 months. [21] However, some authors have observed good long-term results after cerebellar ICH. [2, 3] In our series, long-term mortality was 50% in the medically and 47.4% in the surgically treated patients, with a mean survival time of 5.5 years. The high long-term mortality in the surgically treated patients may be caused by the high incidence of lower cranial nerve dysfunction at discharge and subsequent risk of aspiration and pneumonia, at least partially.
We used mRS 4-5 as a criterion for poor functional outcome at discharge because of the known severe morbidity of the surviving patients. [21] The incidence of good functional outcome at discharge was very low, 30.7% in the medically and even lower, 10.5% in the surgically treated patients. Age was associated with poor functional outcome or death in the multivariable logistic regression in the age group of 65-80 years, but not in other age groups. This may have been caused by referral bias; some elderly patients may not have been referred to our tertiary care centre. However, this probably does not severely affect the findings, as the majority of patients over 80 years were treated conservatively and 90% died in hospital or had a poor outcome. In our series, GCS <13 on admission lead to a uniformly poor outcome, which was in accordance with previous data. [3, 4, 14, 25] ICH volume was correlated with bad outcome in univariate analyses. [1, 4, 14] We have earlier shown a similar association in a prospective randomized trial of early surgery vs. conservative treatment in patients with a deep hemispheric ICH. [11] In the present study, prior medication [6] or comorbidities [2] did not affect the outcome.
As previously suggested, hydrocephalus was associated with poor functional outcome or death in univariate analyses, [20, 25] although it did not reach statistical significance in the multivariate model. We used the criteria for "tight posterior fossa" (effacement of the basal cisterns combined with obstructive hydrocephalus) as an indirect measure of brainstem compression. [26] It was associated with poor outcome in univariate analyses, but not in the multivariable model. [3, 5] Degree of fourth ventricle obstruction [13] and quadrigeminal cistern obliteration [24] were also associated with poor outcome or mortality at discharge in the univariate analyses, but not in the multivariable model. Fourth ventricle obstruction is usually considered the root cause of acute hydrocephalus in patients with a cerebellar ICH, and quadrigeminal cistern obliteration can be seen as a measure of mass effect in the posterior fossa.
It has also been suggested that vascular territory (SCA/ AICA/PICA) would affect the prognosis. [18] In our series, patients with a hematoma in the AICA territory had the worst outcome, probably caused by the frequent hematoma extension into the brainstem. Location in the cerebellar anterior vs. posterior lobe had an effect on patient outcome only, if the hematoma extended to both the anterior and posterior cerebellar lobes. The same applied when considering the location of the hematoma in the cerebellar hemisphere vs. vermis. These observed effects were probably mainly caused by the greater hematoma volume in both situations.
We detected a trend, although not statistically significant, toward lower in-hospital mortality in the surgically treated patients. However, operated patients who survived were more often left in a poor condition. In addition, the long-term mortality did not differ between the medically and surgically treated patients. Unfortunately, we do not have long-term data on functional outcome of the surviving patients. There are very few reports on functional recovery after cerebellar ICH. It has been shown that moderately disabled patients with cerebellar ischemic stroke recovered well, but a poor clinical condition led to a poor rehabilitation outcome. [12] Our series is the largest consecutive single-centre cohort published and it includes all patients with a spontaneous cerebellar ICH treated at our institute within a 5-year period. However, due to the observational and retrospective nature of the study, there may be some selection bias and inconsistency in the data. As there are no good guidelines, no protocol could be used to decide who should receive surgical treatment and who should not. Instead, the decisions were made case-by-case. The study was carried out in a tertiary level centre, and some patients may have been left in secondary hospitals due to suspected grim prognosis or died before arrival to the hospital, especially in the oldest age group. Unfortunately, we do not have long-term functional outcome data.
One of the most important findings in our study were the major differences between the surgically and medically treated patients. By using the current widely acknowledged criteria for surgical treatment (hemorrhage diameter >30 mm, declining level of consciousness, brainstem compression and/or hydrocephalus), all but the unsalvageable patients and the ones with a minor hemorrhage will undergo surgery. Consequently, the conservatively treated patients are healthier and less symptomatic, as severe symptoms and large hemorrhage volume lead to surgical treatment. Alas, it is rather impossible to gather a study population with two similar groups of patients that would have undergone surgical and conservative treatment.
Currently, no clinical equipoise exists on the surgical treatment of cerebellar hemorrhage (i.e., surgical treatment is currently considered superior in selected patients), and it surely prevents patients from dying, at least in the short-term. Due to the lack of clinical equipoise, it would be difficult to run a randomized controlled trial on operative treatment of cerebellar ICH. However, we are trying to support the previously published notion that the outcomes after surgery may not be as good as we neurosurgeons tend to think, and that the long-term functional outcome needs further studies because of the rather pessimistic short-term functional outcome and high long-term mortality. One possibility to assess the futility of the treatment would be to measure the long-term survivors' health-related quality of life in the surgically and medically treated patients.
CONCLUSIONS
Surgical treatment of cerebellar ICH can be life-saving but leads to a poor functional outcome. Lack of clinical equipoise makes designing randomized controlled trials difficult. New studies are needed on long-term recovery after a cerebellar ICH.
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